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VIBRA TION ANAL YZER AND METHOD 



FIELD 

[0001] The present invention generally relates to a vibration analyzing device. 
More particularly, the present invention pertains to a vibration analyzer and method of 
diagnosing a mechanical problem utilizing sensed vibrations. 

BACKGROUND 

[0002] The repair of mechanical devices such as, for example automotive vehicles, 
includes the diagnosis of sounds and vibrations. The sources of these sounds and 
vibrations can be attributed to various components of the vehicle such as: the powertrain 
components, the engine, the transmission; the drive tram, the drive shaft(s), flexible joints 
and bearings; the wheels and tires; air leaks in the passenger compartment; the exhaust 
system; the engine air induction system; plus many others. 

[0003] These vibrations and noises must be diagnosed first as to source then as to 
cause. There currently does not exist a device that will lead the technician to either the 
source or cause of a vibration/noise. Existing diagnostics depend upon the technician 
being able to duplicate the conditions under which the vibration/noise was discovered, 
locate the portion of the vehicle that is the source of the vibrafion/noise, locate the 
component that is the source of the vibration/noise and correct the defect with the 
component that is causing the vibration/noise. 

[0004] These vibrations/noises are dependent upon various factors associated with 
the vehicle itself such as vehicle speed, engine speed in revolutions per minute (RPM), 
application of the vehicle braking system, vehicle load condition, wheel and tire condition, 
and the like. Under these various conditions, each possible source of vibration/noise on the 
vehicle has a characteristic frequency or range of frequencies associated with it. These 
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vehicle sources must be diagnosed separately from extra-vehicular sources such as the road 
surface, the weather (i.e., precipitation and wind), and the ambient noise levels around the 
vehicle. 

[0005] Previous solutions for diagnosing vibration/noise involve amplifying the 
vibration/noise in an attempt to better discern the vibration/noise source or cause. These 
devices range from stethoscopes, both with and without a contact/probe component, to 
electronic amplification equipment. These solutions provide for better localization and 
amplification of the resulting sound/noise from a vibration to aid the technician in 
determining the location and probable cause of the vibration/noise symptom. 

[0006] Diagnosis of vibrations and resulting sounds/noises is currently done by 
descriptive text provided by each original equipment/vehicle manufacturer (OEM). This 
text provides descriptions of vibrations and resulting sound/noise in loose terms such as 
"groan", "whistle", "squeal", and "thump." While these terms may indeed describe the 
vibration/noise precisely in the source language, they may be alien to the technician. It is 
understood that the translation of a term from the source language to the language of the 
technician may not also translate the distinction inherit in the original description of the 

term in the source language. 

[0007] The terms used by the OEM to describe a vibration/noise may require the 
technician to identify a noise in terms that may be culturally alien to him/her. These terms 
may require the technician to think of the sounds/noises in terms that may not exist in the 
technician's lexicon or to think of the sounds/noises in a manner that may not apply to the 

technician's set of experiences. 

[0008] The existing tools available to aid the technician in the diagnosis of 
vibration/noise do not discriminate between the various noises/sounds available on/in the 
vehicle. These available tools also do not assist the technician in determining the accurate 
description of the vibration/noise/sound being detected. The technician cannot accurately, 



4 



PATENT 

Attorney Docket No. 87355.4120 
Customer No. 30734 

efficiently and repeatedly diagnose the symptoms; determine the fault and repair/replace 

the correct component. 

[0009] The existing tools, because of their generic nature, do not lend themselves to 
the accurate detection, diagnosis and repair of a source of vtbration or noise. They work in 
the context in which they were developed, but are not universally applicable to produce the 
same results in the same application by all technicians. Their use is netther intuitive nor 
specific enough to be used in the same manner for the same purpose on the same symptom 
by all technicians. 

[0010] Accordingly, it is desirable to provide a method and apparatus capable of 
overcoming the disadvantages described herein at least to some extent. 

SUMMARY 

[0011] The foregoing needs are met, to a great extent, by the present invention, 
wherein an apparatus and method is provided that is able to diagnose a mechanical problem 

in response to sensed vibrations. 

[0012] An embodiment of the present invention pertains to a system for analyzing a 
vibration frequency in a vehicle having a defect. This system includes a sensor and a signal 
spectrum analyzer. The sensor senses the vibration frequency and generates a signal in 
response to the vibration frequency. The signal spectrum analyzer communicates with the 
sensor and identifies the defect in response to the signal. 

[0013] Another embodiment of the present invention pertains to an adapter for 
analyzing vibration in a device having a defect. This adapter includes a receiver and a 
microprocessor. The receiver receives a signal generated in response to the vibration. The 
microprocessor uses a linear transform to identify a plurality of frequency components in 
response to the signal. In addition, the microprocessor determines a frequency component 
related to the defect and determines the defect. 

3 
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10014] Yet another embodiment of the present invention relates to an apparatus for 
analyzing a vibration of a deviee. This apparatus includes a means for sensing the 
vibration having a plurality of frequency components and a means for generating a signal 
corresponding to the sensed vibration. In addition, the apparatus includes a means for 
determining a frequency component having a relative maximum amplitude from the 
plurality of frequency components and a means for determining a probable faulty 
component of the device in response to the frequency component. 

(00151 Yet another embodiment of the present invention relates to a method of 
analyzing a vibration of a deviee. In this method, the vibration, having a plurality of 
frequency components, is sensed and a signal corresponding to the sensed vibration is 
generated. In addition, a frequency component having a relative maximum amplitude is 
determined from the plurality of frequency components and a probable faulty component of 
the device is determined in response to the frequency component. 

[0016] There has thus been outlined, rather broadly, certain embodiments of the 
invention in order that the det^^ 

in order that the present contribution to the art may be better appreciated. There are, of 
course, additional embodiments of the invention that will be described below and which 
will form the subject matter of the claims appended hereto. 

[0017] In this respect, before explaining at least one embodiment of the invention 
in detail, it is to be understood that the invention is not limited in its application to the 
details of construction and to the arrangements of the components set forth in the following 
description or illustrated in the drawings. The invention is capable of embodiments in 
addition to those described and of being practiced and carried out in various ways. Also, it 
is to be understood that the phraseology and terminology employed herein, as well as the 
abstract, are for the purpose of description and should not be regarded as limiting. 
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[0018] As such, those skilled in the art will appreciate that the conception upon 
which this disclosure is based may readily be utilized as a basis for the designing of other 
structures, methods and systems for carrying out the several purposes of the present 
invention. It is important, therefore, that the claims be regarded as including such 
equivalent constructions insofar as they do not depart from the spirit and scope of the 
present invention. 

RRTFF DESCRIPTION QF THE DRAWINGS 
[0019] FIG. 1 is an illustration of a system for analyzing vibration according to an 

embodiment of the invention. 

[0020] FIG. 2 is a flow diagram of a method according to an embodiment of the 

invention. 

DETAILED DESCRIPTION 
[0021] Various embodiments of the invention provide an accurate and relatively 
quick diagnoses of the source of a reported "noise" or "vibration". Known diagnostics rely 
upon conventions of speech and practice derived from personal experience and working on 
known vehicles. Given the extreme diversity in the vehicle market place as well as the 
diversity in the experience and background of the technicians servicing the vehicles, there 
exists a need to reliably and consistently diagnose those esoteric symptoms referred to as 
"noise" and "vibrations" by the vehicle or mechanical device operator. 

[0022] An embodiment of the invention will now be described with reference to the 
drawing figures, in which like reference numerals refer to like parts throughout. As shown 
in the preferred embodiment of FIG. 1, a vibration analyzer 10 includes a sensor 12, an 
interface 1 4, a frequency filter 1 6, a programmable gate device 1 8, a digital to analog (D/A) 
converter 20, an analog to digital (A/D) converter 22, a microprocessor 24, a read-only 
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memory (ROM) 26, a recognition program 28, a look-up table 30, a display 32, a random 
access memory (RAM) 34, a keypad 36, and a keep-alive-memory (KAM) 38. The sensor 
12 generates an electrical signal in response to a vibration, which may also be generating a 
noise/sound. The vibration caused noise may be within the hearing range of a human or 
either above or below the hearing range of a human. The vibration may have such an 
extremelyloworhighfrequencythatitmayonlybedetectedbytouchratherthanbysound, 

that is "felt" rather than "heard." 

[0023] In various embodiments of the invention, the sensor 12 includes an 
accelerometer, a piezo-electric sensor, an omni-directional microphone, a directional 
microphone, and/or the Itke. In addition, it is within the scope of the invention that the 
various types of sensors are interchangeable within a single embodiment of the invention. 
In this manner, vibration from a multitude of varied sources may be analyzed. For 
example, the accelerometer are typically configured to detect relatively low frequency 
vibrations typically associated with changes in direction of one or more components. 
Whereas the piezo-electnc sensor are generally configured to detect extremely high 
frequency vibrations. Such vibrations may be perceived as a "tingling" sensation while 
operating the vehicle rather than as a "noise" or a "sound." In contrast, the omni- 
directional microphone are typically capable of oscillating at the sound detection range of 
normal human hearing. In a manner similar to the omni-dtrectional microphone, the 
directional microphone is typically sensitive to sounds around the sound detection range of 
human hearing, however, the directional microphone is utilized to isolate the location of 
the vibration/noise/sound source. 

[0024] In the preferred embodiment, the sensor 12, selected to analyze the 
symptom, is variable to allow the diagnosis of vibrations over the widest possible 
spectrum. The sensor 12 is preferably attached to a driver/interface 14 capable of 
providing power to active sensors such as accelerometers. The interface 14 may also 
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include thecapability to provide a current to signal modifier devices such as mi^^^ 
as well as, accept signals from passive sensing devices such as piezo sensors generating 
their own power/stgnal from the action of vtbration upon their structure. Generally, 
driver/interface devices 14 do not modify the signal from the sensing device, but rather, 
provide power or current to the sensing device. In this regard, the interface devtce 14 is 
configured to provide power to those sensors working in an active mode and requiring a 
power source, such as an accelerometer. In addition, the interface device is configured to 
provide isolation of the sensor 12 from the rest of the vibration analyzer 10 electronics. 

[0025] The frequency filter 1 6 filters the frequency or range of frequencies to scan 
in response to controlling signals from the programmable gate device 18. This 
programmable gate device 18 or field programmable gate array typically controls the 
frequency filter 16 to pass a default range of frequencies and then generally modulates the 
frequency filter 1 6 to pass other ranges of frequencies. In an embodiment of the invention, 
the programmable gate device 1 8 is an essentially separate component in communication 
with the various other components of the vibration analyzer 10. However, in another 
embodunent, the capabilities of the programmable gate device 18, the A/D converter 22, 
and/or the D/A converter 20 are subsumed within the microprocessor 24. 

[0026] Typically, frequency filters are controlled via analog signals. As these 
controlling signals are generally output from the programmable gate device 1 8 as digital 
stgnals, they are therefore converted to analog signals via the digital to analog (D/A) 
converter 20 prior to there arrival at the frequency filter 16. 

[0027] The analog-to-digital (A/D) converter 22 is configured to convert theanalog 
signal generated by the sensor 1 2 and passed through by the frequency filter 1 6 to a digital 
signal. The microprocessor 24 processes this digital signal in order to provide the 
information sought by the technician. For example, the microprocessor 24 is configured to 
execute the recognition program 28. By executing the instructions include within this 
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recognition program 28, the microprocessor 24 is configured to receive the digitized s lg nal 
from the AID converter 22 and perform a linear transform such as Fast Fourier Transform 
(FFT) to segregate the primary signal frequency, that single frequency having the greatest 
amplitude, from the signals comprising the harmonics of this primary signal. In this 
manner, a discrete signal attributable to a single source is determined. The microprocessor 
24 is further configured to utilize the primary signal frequency to query the look-up table 
30. Based upon entries to the look-up table 30, the microprocessor 24 is configured to 
determine the source or probable faulty component responsible for generating the primary 
signal frequency. In response to this determination, the microprocessor 24 is configured to 
control the display 32 to display at least one of the primary signal frequency, the amplitude 
of the primary signal frequency, and/or the probable faulty component. 

[0028] In an embodiment of the invention, the A/D converter 22, the 
microprocessor 24, and/or the display 32 are included in any suitable digital multimeter 
device or digital automotive tester. Examples of such suitable devices are produced by 
SPX/OTC Service Solutions of Owatonna MN, U.S.A. In this regard, the various other 
components of the vibration analyzer 10 essentially form an adapter suitable for use with 

the digital automotive tester. 

[0029] The vibration analyzer 1 0 may include sufficient read only memory (ROM) 
26 to contain the recognition program 28 and at least one look-up table 30. The look-up 
table 30 may correlate the noises/vibrations to the root cause and source components. The 
intent of the recognition program 28 and its interrelationship to the look-up table 30 is to 
facilitate identifying vibration sources that generate vibrations that match the primary 
frequency detected by the invention. These sources are displayed to the technician by the 
display 32. 

[0030] With regard to the one or more look-up tables 30 or sets of look-up tables 
30, these may be developed from the existing diagnostics as provided by the original 
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equipment manufacturers (OEM), developed empirically, and/or developed utilizing 
maehtne learning algorithms, data mining or knowledge acquisttion software, and the like. 
In a particular example, the list of vibration sources are derived from a frequency/source 
match table generated from the existing dtagnostics derived from the OEM diagnostic 
tables. Another source of these match tables includes the selections available to the 
technician using the vibratton analyzer 10 to identify the vibration/noise producing 
component and choosing the appropriate frequency and amplitude as recorded by the 
vibration analyzer 10. These items may be correlated and directly stored to the look-up 
table 30 and/or processed by a data mining algorithm. Suitable examples of data mining 
software may include C5.0 available from RuleQuest Research Pty Ltd of St Ives Australia. 

[00311 The current frequency amplitude may be stored in Random Access Memory 
(RAM) 34 in the vibration analyzer 10 as a case unit. The term, "case unit" generally 
refers to a job or work order. That is, when a vehicle is presented to the technician for 
repair, the vehicle is assigned a case unit that is associated with the vehicle throughout the 
repair process. Using the keypad 36, for example, the technician edits information 
associated with the case unit. This information includes, for example: the root source of 
the vibration; tests performed; parts replaced; time and date; and the like. 

[0032] In an embodiment, the case unit is stored into the keep-alive-memory 
(KAM) 38, provided in the form of flash memory, in response to the vibration analyzer 10 

receiving a shut down command. 

[0033] FIG. 2 is a flow diagram of a method 44 according to an embodiment ofthe 
invention. As shown in FIG. 2, the method 44, in this embodiment, is initiated by turning 
on the vibration analyzer 10 at step 46. For example, power is supplied to the various 
components ofthe vibration analyzer 10. In addition or alternatively, the method 44 may 
be initiated in response to a start command. For example, the user presses a start key on 
the keypad 36. In response to initiation, the microprocessor 24 begins receiving signal 
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from the sensor 12. The use of the microprocessor 24 generally reduces variable and 
subjective assessments and thereby facilitates accurate and repeatable diagnosis of 
vibrations and noises. As described herein, in various embodiments of the invention, the 
sensor 12 includes one or more suitable vibration-sensing devices. Examples of suitable 
vibration sensing devices include directional microphones, omni-directional microphones, 
piezo-electric sensors, accelerometers, and the like. Furthermore, it is within the scope of 
the invention that these vibration sensing devices are interchangeable. In this manner, a 
variety of vibration types and locations may be accurately diagnosed. 

[0034] At step 48, a suitable sensor 1 2 is selected by the technician. This selection 
process is generally determined in response to the type and/or location of the vibration. For 
example, in order to diagnose a noise heard in an interior compartment of the vehicle, a 
logical starting point may be to utilize an omni-directional microphone as the sensor 12. 
After establishing the frequency and amplitude of the noise heard, the technician typically 
changes to a directional microphone in order to localize the portion of the vehicle that 

contains the source of the noise. 

[0035] For a reported vibration that produces a "tingling feeling" in the vehicle 
owner's hands, the technician generally initiates diagnosis with a piezo-electric sensor 
attached to the steering wheel. In this case, the vibrations might be too high to be audible, 
however, these vibrations may be recognized or identified via touch. If this is the case, 
then, the appropriate sensor 12 includes one capable of sensing the relatively high range 
frequencies afforded by the piezo-electric devices. The source for these high frequency 
vibrations may be a minute fracture in a bearing surface in the steering gear, for example. 

[0036] For a reported "regular bouncing or floating sensation" the technician 
generally initiates diagnosis with an accelerometer as the sensor 12. These devices are 
capable of detecting the changes in direction indicated by the reported symptom. The 
source for this type on symptom may be a defective ride control system or an oscillation in 
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an automated suspension system. These types of defects typically do not produce a "noise- 
but instead produce a very long period oscillation or vibration. 

[0037] In addition, the sensor 12 may include a plurality of sensing devices as 
described herein. However, it is to be noted that it is within the scope of the invention that 
a single generalized sensor operable to detect a broad range of frequencies may be utilized 
as the sensor 12. Following selection of the sensor 12, vibration are sensed at step 50. 

[0038] At steps 50 and 52, a location to sense the vibration is determined and the 
vibration is sensed. The particular order these steps are performed depends upon the 
particular circumstances. For example, if the general location of the source of the vibration 
is apparent, the technician determines the location to sense the vibration. Alternatively, if 
the source of the vibration is not apparent, the vibration is sensed at a plurality of locations 
to determine a suitable location. For example, the sensor 12, placed in or around the 
machine or vehicle being examined, senses any suitable vibration within the frequency 
response range of the sensor 12. The sensor 12 is then be moved to another location and 
the relative amplitudes of the sensed vibrations are compared. The location having the 
relatively louder sensed vibrations is determined to be the suitable location. In another 
example, a plurality of sensors are placed in or around the apparatus being examined. In 
this manner, the location of the source of the vibration is more readily determined. For 
example, a sensor 12 of the plurality of sensors 12 sensing the relatively loudest vibration 
is determined to be relatively closer to the vibration source. In another example, the 
location of the vibration source is determined based on a lag time of the vibration received 
at the various locations utilizing a triangulation algorithm. 

[0039] At step 54, one or more frequency components are identified. In this regard, 
signals generated by the sensor 12, in response to any suitable vibrations, are transmitted 
from the sensor 12, through the various components of the vibration analyzer 10, and to the 
microprocessor 24. For example, an embodiment of the invention includes the interface 
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device 1 4 or driver device 1 4 configured to receive signals from the sensor 1 2 and forward 
these signals to the microprocessor 24 via the filter 1 6, the programmable gate 1 8, and the 
A/D converter 22. Signals passing through the filter 1 6 are generally filtered. That is, the 
filter 16 is configured to pass a relatively discrete range of frequencies, such as high, 
medium, or low range frequences. Initially, the filter 16 is generally configured to pass a 

default range, for example. 

[0040] The signal from the sensor 12, after passing through the interface device 14 
and the programmable filter/gate configuration 16/18, is processed by the analog-to-digital 
(A/D) converter 22. At this point, the signal is transformed into a digital format that can be 
accepted and acted upon by the microprocessor 24. For example, the A/D converter 22 is 
configured to convert the analog signal into at least two 16 bit bytes. This degree of 
specificity provides the microprocessor 24 the resolution to cover any reasonably suitable 
vibration capable of being heard or felt by a vehicle owner. 

[0041] The microprocessor 24 is further configured to identify the plurality of 
frequency components in response to the signal. For example, the microprocessor 24 is 
configured to perform a linear transform such as Fourier transform, Laplace transform, and 
the like. In a more particular example, the microprocessor 24 utilizes a discrete Fourier 
transform, or a FFT. These or other transforms are utilized to decompose or separate a 
waveform or function into sinusoids of different frequency which sum to the original 
waveform. In this manner, the Fourier transform is utilized to aide in identifying and/or 
distinguishing the different frequency sinusoids and their respective amplitudes. 

[0042] At step 56, the frequency component having the highest relative amplitude 
is determined. For example, in response to the frequency components identified at step 54, 
the microprocessor 24 compares these frequency components and determines the frequency 
component having the relative maximum amplitude. This maximum amplitude and/or its 
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associated frequency component are communicated to the programmable gate 1 8, which in 
turn tunes the filter 16 via the D/A converter 20 at step 58. 

[0043] At step 58, the filter 16 is tuned. As described herein, the filter 16 is 
configured to pass a relatively discrete range of frequencies, such as high, medium, or low 
range frequencies. While the filter 16 may initially pass a default range of frequencies, at 
step 58, the filter 16 is modulated, in response to controlling signals generated by the 
programmable gate 18, to allow other frequency ranges to pass through. The 
programmable gate 18 may be configured to control the filter 16 via a digital-to-analog 
(D/A) converter 20. The programmable gate 18 is configured to respond to the digital 
commands of the microprocessor 24. In particular, the maximum amplitude and/or its 
associated frequency component determined at step 56 are forwarded to the programmable 
gate 18 and utilized by the programmable gate 18 to modulate the filter 16. 

[0044] At step 60, the microprocessor 24 determines the primary frequency within 
the band by performing another linear transform. In this manner, the microprocessor 24 
distinguishes between the original vibration and the harmonic vibration set into play from 
the components attached to the original component having failed. 

[0045] In various embodiments of the invention, these transformation are 
performed as a single step or a plurality of essentially discrete steps. When performed in a 
plurality of steps, the first step includes sampling the ambient vibration/noise in an interior 
compartment of the vehicle, for example, and establish the reference for this level against 
the sound decibel (db) level of conversation normally held in the interior compartment. 
Any signal having amplitude greater than the level of conversation is displayed to the 
technician as the logical starting point for diagnosis. 

[0046] Given that any peak amplitude is composed of the sum of the amplitudes of 
the vibrations available, at step 62, the microprocessor 24 selects a range of frequencies 
surrounding the peak amplitude as a starting point in the diagnostic scenario. This range of 
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frequencies is selected from the look-up table 30 stored in the read only memory (ROM) 26 
for example. 

[0047] At step 64, one or more probable causes of the vibration are determined. 
For example, the microprocessor 24 compares the sensed vibrations to a proscribed base 
level for the vehicle or apparatus. When the amplitude of the vibration/noise exceeds this 
level, the microprocessor 24 flags the frequencies exceeding the base level. These flagged 
frequencies are utilized to query the table 30 for associated defects or failures. These 
associated failures are displayed to the technician via the display 32 at step 66. 

[0048] At step 68 it is determined whether the probable failure determine at step 64 
is correct. For example, the technician may examine the suggested component or may 
determine that the particular vibration detected was caused by a different component. If, at 
step 68, it is determined that the probable failure is incorrect, the technician may enter the 
empirically determined faulty component into the vibration analyzer 10 via the input 
keypad 36, at step 70. For example, a unit case is generated for the vibrations detected. 
The technician may edit the unit case with the keypad 36 and review any findings on the 
display 32. These finding include empirically determined component failures and the like. 
In addition, the unit case along with these findings and vibrations detected are stored to 
memory such as the RAM 34 and/or KAM 38. This information is utilized to modify 
existing look-up tables 30 and/or generate a new look-up table 30. Thus, new sets of 
correlations between vibrations sensed and failed components are committed to memory or 
learned. In this manner, information entered by the technician is utilized to further develop 
the look-up table 30 and thus, increase the likelihood that probable faulty components 
determined by future iterations of the method 44 are correct. If, at step 68, it is determined 
that the probable faulty component determined at step 64 is the defective component then, 
at step 72, the look-up table 30 is updated accordingly. In this manner, correct 
determinations are reinforced, thereby improving the overall performance of the vibration 
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analyzer 10. Following the step 72, the vibration analyzer 10 may idle until instated to 

perform another analysis. 

[0049] There has been outlined, rather broadly, the more important features of the 
invention. The descriptions and drawing are only illustrative of preferred embodiments 
that achieve the objects, features, and advantages of the present invention. It is not 
tended that the present invention be limited to them. Any modtfication of the present 
invention that comes within the spirit and scope of the descriptions and claims is 
considered to be part of the present invention. 

[0050] The many features and advantages of the invention are apparent from the 
detailed spectfication, and thus, it is intended by the appended claims to cover all such 
features and advantages of the invention which fall within the true spirit and scope of the 
invention. Further, since numerous modifications and variations will readily occur to those 
skilled in the art, it is not desired to limit the invention to the exact construction and 
operation illustrated and described, and accordingly, all suitable motivations and 
equivalents may be resorted to, falling within the scope of the invention. 
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